Wild strawberries are grown widely in southern Shaanxi (China), but information about their sensory and chemical characteristics is scant. In this work, exploratory research was conducted to correlate the results of instrumental analyses of the aroma compounds in wild strawberry wine and their sensory perception. Headspace solid-phase micro extraction (HS-SPME) was used for the pretreatment, and gas chromatography-mass spectrometry (GC-MS) was to analyze the aroma compounds. A total of 78 volatile compounds were identified, including 25 alcohols, 25 esters, four acids, five ketones, four aldehydes, nine terpenes, five phenols, and one styrene, but only 74 could be quantified. Odor activity values (OAVs) were determined for 21 odor-active compounds. Six were identified as the characteristic aroma substances for the wild strawberries from a principal component analysis (PCA) of the composition, in particular methyl 2-methylbutyrate, ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, (E)-3-hexen-1-ol, 1-octen-3-ol, and phenylacetaldehyde. Sensory evaluation by a trained panel using descriptive analysis also revealed that sweetness was the main attribute in wild strawberry and its wines, and differences in varietal flavors were also observed. Wild strawberry wine is proved to exhibit a high quality of its fruit flavor, and thus winemaking is a performable practice for wild strawberry.
Introduction
Wild strawberries are smaller than garden strawberries, measuring between 15 and 23 mm. When ripe, they are almost completely white but with red "seeds". The fruit flesh can range from soft white to orange and is fragrant with a slight pineapple flavor. Although they have smaller fruits and reduced yields compared with garden strawberries, they accumulate broader and more augmented blends of volatile compounds. Wild strawberries are typically consumed fresh and used in the food industry for the production of jams. [1, 2] Because of the large diversity and potency of aromas occurring in natural and domesticated populations, plant breeders regard wild strawberries as important contributors of novel aroma molecules. Nevertheless, although much attention has focused on the cultivation of wild strawberries, especially in Europe and the United States, [3] the wild strawberry in southern Shaanxi of China was mostly ignored due to its delicate and typical flavor.
In addition, wild strawberries are relatively perishable and thus often cannot be served as a fresh table fruit after transportation. Winemaking is popular worldwide as a promising way for the better utilization of both garden and wild strawberries in terms of postharvest quality preservation. [1] Aroma is the most important and distinguishing characteristic of fruit wines, as they contribute to the sensory quality of the final wine. More than 360 volatile flavor compounds have been identified in strawberries and strawberry wine, [4] [5] [6] [7] [8] and the nonvolatile compounds have also been extensively studied. [9] From these studies, the strawberry aroma has been characterized by the combination of different compounds such as alcohols, esters, organic acids, aldehydes, ketones, terpenes, and sulfur compounds, each of which contribute to the character of different cultivars. [3] Furthermore, as fermentation proceeds, the overall flavor of the wine is influenced by an increase in volatiles and the resulting interactions between aroma compounds, which is determined by the metabolism of yeast (Saccharomyces cerevisiae) and wine storage conditions. [10, 11] To date, however, little information has been published on the volatiles of wild strawberry wine, especially the aroma profiles for wild strawberries grown in southern Shaanxi of China. Additionally, the understanding of how volatiles change during the course of fermentation in wild strawberry wine is incomplete. Therefore, in the current work, we aim to study and discuss the changes in the volatile components of wild strawberry wine during its fermentation. We investigate the odor-active compounds of the fruit and its wines by gas chromatography-mass spectrometry (GC-MS) combined with headspace solid-phase micro extraction (HS-SPME) to finally provide valuable information on the in-depth processing of wild strawberries.
Materials and methods

Materials
The wild strawberries were collected from the area of southern Shaanxi, China. These samples were immediately stored in ice blocks and transported to the College of Enology, Northwest A&F University, where the research was conducted under laboratory conditions. The samples were evaluated within 24 h of harvest.
Micro-fermentation
Wild strawberries were selected and then crushed into mashes (initial sugar 45.85 g/L, pH 3.85, total acidity 6.02 g/L). Sulfur dioxide was added to reach a final concentration of 50 mg/L, and pectolytic enzymes (30 mg/L, Lallemand, France) were added to the crushed pulp. Micro-fermentations were carried out at 20°C in 5 L glass containers. The commercial active dry yeast X16 (Lallemand, France) was first inoculated as suggested by the manufacturer. Then, sugar was added so that the final alcohol content would be 11% (v/v). The loss weight was measured to monitor the development of the alcoholic fermentation, with the whole fermentation lasting 11 days. After fermentation, the wine was racked, and sulfur dioxide (about 60 mg/L) was added. During the fermentation, 50 mL samples were taken during the early fermentation (the second day), the middle stage of fermentation (the fifth day), the late fermentation (the eighth day), the finished fermentation (the eleventh day), and 10 days after fermentation, and were stored at −20°C until required for further analysis.
Physicochemical parameter analysis
The physicochemical parameters of wine (alcohol content, residual sugars, pH, titratable and volatile acidity, and free and total sulfur dioxide) were determined in triplicate according to official methods. [12] Wild strawberries and their wine aroma analysis Sample preparation HS-SPME was used to gather the wine volatiles following the method proposed and validated by Zhang et al. [13] and Wu et al. [14] First, 1 g NaCl and 10 μL of an internal standard solution (1 g of 4-methyl-2-pentanol per 1 L of ethanol) were added into the sample vial. Afterwards, the sample vial was equilibrated at 40°C for 30 min on a magnetic stirrer hot plate. The pretreated (conditioned at 270°C for 1 h) SPME fiber (50/30 μm DVB/Carboxen/PDMS, Supelco, Bellefonte, PA) was then inserted into the headspace, to extract for 30 min with continued heating and stirring. The fiber was then immediately desorbed in the GC injector for 25 min.
GC-MS analysis
The Agilent 6890 GC was equipped with an Agilent 5975 MS and fitted with a 60 m × 0.25 mm id HP-INNOWAX capillary column with 0.25 μm film thickness (J&W Scientific, Folsom, CA) to separate and identify the volatile aroma compound. [14] The carrier gas was helium at a flow rate of 1 mL/min, and the samples were injected by placing the SPME fiber at the GC inlet for 25 min in the split-less mode. The GC oven temperature was initially maintained at 50°C for 1 min, then was ramped to 220°C at a rate of 3°C/min, and finally was maintained at 220°C for 5 min. The mass spectrometer in the electron impact (MS/EI) energy of 70 eV was measured in an m/z range from 20 to 450. The mass spectrometer was operated in auto-tuned selective ion mode (SIM) under auto-tune conditions and the area of each peak was determined by ChemStation software (Agilent Technologies). [13] Qualitative analysis of volatile compounds Volatile compounds were identified by comparing the mass spectrum data to the database (Agilent) NIST 05 library and were confirmed by comparing the retention index (RI) to those of the standards. The RI values of the unknown compounds were calculated using a modified Kovats method. [15] Wild strawberry wine solutions with 11% (v/v) ethanol were prepared in distilled water with 3.0 g/L malic acid, and the pH was adjusted to 3.8 with NaOH. The volatile compounds were then quantified by SIM mass spectrometry using standard calibration curves. Volatile standards (supplied by Professor Duan, China Agricultural University) purchased from Aldrich (Milwaukee, Wis., U.S.A.) and Fluka (Buchs, Switzerland) were dissolved in synthetic matrices at concentrations typically found in grape wine. Volatile standards were then extracted and analyzed under the same conditions as described in the sample preparation and GC-MS analysis sections. The calibration curves for each volatile standard were created by plotting the response ratio of the target compound and the internal standard against the concentration ratio. The limits of quantification (LOQs) were set at signal-tonoise ratios of 10. Odor activity values (OAVs) were calculated by dividing the concentration by its odor thresholds from the literature.
Sensory evaluation
The sensory analysis was performed as described by Tao et al. [16] A panel of tasters, consisting of 25 students who had been trained for 4 h per week over 2 months using the "Le Nez du Vin" aroma kit (54 aromas, Yixiangle, Hongkong), conducted the wine sensory analysis. During the strawberry wine tasting, each panelist used five or six descriptors from "Le Nez du Vin", and they also were asked to score the intensity of each term using a 5-point scale (0 = none detected; 1 = weak; hardly recognizable note; 2 = clear but inadequate note; 3 = clear and regular note; 4 = clear and strong note; 5 = intense note). The data was used to calculate a modified frequency (MF) score that was a mixture of intensity and frequency of detection calculated with the following formula: MF% = 5* ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi Fð%Þ=Ið%Þ p , where F (%) is the detection frequency of an aromatic attribute expressed as percentage, and I (%) is the average intensity expressed as percentage of the maximum intensity. The descriptors with MF score greater than 1 were chosen, which seemed to effectively describe the wine.
Data analysis
All statistical analyses were performed using the SPSS statistical package version 17.0 for Windows (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA) and Duncan's multiple range tests were applied to determine significant differences among samples using a significance level of p < 0.05. A principal component analysis (PCA) was carried out using metaboanalyst 3.0 (http://www.metaboana lyst.ca/faces/home.xhtml) with the concentrations of volatile compounds to differentiate samples.
Results and discussion
Physicochemical parameter analysis
According to the National Standards of the People's Republic of China, [17] wild strawberry wine belongs to the semidry wine category (residual sugar above 4.0 g/L, Table 1 ). The related parameters all conformed to the general enological requirements of the national standard. Compared with grape wine, this wine has a relatively high value of pH (3.71).
Qualitative analysis of volatile compounds in wild strawberries and their wine Seventy-eight volatiles were identified by comparison of the mass spectra to the standard NIST05 library. The RI of the reference standards and a comparison of the RI values are reported in the literature. [13, 18] Four aroma compounds (1,9-nonanediol, 3-hydroxy-3-methylbutanoic acid, trans-(2-ethylcyclopentyl) methanol, and octanoic acid) could not be quantified due to the low signal (signal-to-noise ratios less than 10). In these 78 volatile compounds, most of them are frequently found in fruits and fruit wines. The aromatic characteristics and flavor thresholds of the related volatile compounds in berries and wine are given in the next section.
Aroma changes during wild strawberry wine fermentation
Seventy-eight volatile compounds were found in the wild strawberries and strawberry wine, including 25 alcohols, 25 esters, five ketones, four aldehydes, nine terpenes, four acids, five phenols, and one styrene. During the fermentation, the composition of aroma compounds changed over time (Fig. 1) . During the early stage of fermentation, the wine showed the lowest total amount of aroma compounds (89.006 mg/L) even compared to the relatively low concentrations of the fruit before fermentation (116.74 mg/L). As fermentation progresses, the concentration of aroma compounds reached a peak at the end of fermentation (901.393 mg/L), especially for alcohols and esters (808.341 mg/L and 75.862 mg/L, respectively). The complexity of the aroma profile in wild strawberries at the end of fermentation may be caused by the higher concentrations of alcohols compared with samples at different stages of alcoholic fermentation. However, the highest concentrations of esters and ketones (aldehydes) were achieved 10 days after bottling with concentrations of 75.86-96.25 mg/L and 2.32-30.69 mg/L, respectively, which created a complex aroma profile for the wild strawberry wines. With regard to acids, although their concentrations gradually increased, they did not significantly increase the fraction of the volatile compounds during fermentation. 
Alcohols
Alcohols were the most abundant volatile group in wild strawberry wine tested, which has been reported to improve aromas in other alcoholic fermented beverages. [19, 20] Normally, alcohols arise from sugar catabolism, the deamination of amino acids, and the decarboxylation of α-keto acids, followed by reduction to the corresponding aldehydes. [21] Among the 25 alcohols identified in this study, the aroma-active alcohols (OAV > 1, Table 2 ) during the alcoholic fermentation of wild strawberries were mainly 2,3-butanediol, isopentanol, 2-phenylethanol, (E)-3-hexen-1-ol, and 1-octanol. Among these, 2,3-butanediol was responsible for the buttery and creamy aroma and was present in the highest amounts in the final wild strawberry wine with a relative high OAV (1.35). Such an increase was probably due to diacetyl and acetoin being converted by yeast metabolism. [22] Accordingly, isopentanol gave an odor of whiskey, malt, and caramel. The concentration of this compound was more than its corresponding odor threshold (30 mg/L) from the middle stage of fermentation [23] and especially increased at the end of fermentation (215.60 mg/L), and thus contributed to the strong aroma of the wild strawberry wine. In addition, 2-phenylethanol, which had a floral (rose, muscadine) aroma, was significantly enhanced at the end of fermentation (218.24 mg/L), but sharply decreased to its odor threshold (14 mg/L) 10 days after bottling. This result agrees with a previous study that showed that fermentation releases volatile phenols in a similar fashion to acid hydrolysis, which may explain the increase of 2-phenylethanol. [24] The latter alcohols (isopentanol, 2-phenylethanol), together with the other detected aroma-inactive (OAV < 1) alcohols, such as isobutanol, 1-propanol, and 1-butanol, were formed from branched amino acids via the Ehrich pathway during fermentation. Furthermore, they contribute to the wine bouquet with a fruity aroma at concentrations below 300 mg/L, but with a pronounced pungent smell at a total concentration greater than 400 mg/L. [25, 26] A similar trend occurred in 1-octanol during fermentation, with an initial concentration of 0.008 mg/L in the unfermented fruit reaching 2.67 mg/L at the end of fermentation (odor threshold 0.12 mg/L), which imparted an overly intense citrus and rose aroma to the bouquet. Compared with those volatile compounds that reached a peak at the end of fermentation, (E)-3-hexen-1-ol and 1-octen-3-ol (OAV > 1) decreased during alcoholic Table 2 . Volatiles with OAV above 1 of different stages during fermentation (n = 3).
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Numbers Aroma compounds fermentation. In particular, (E)-3-hexen-1-ol plummeted close to its odor threshold of 1.0 mg/L 10 days after bottling from its high initial concentration in wild strawberries (9.18 mg/L), [3] but still provided a green aroma to the final wild strawberry wine. Consequently, (E)-3-hexen-1-ol and 1-octen-3-ol are potential impact odorants in wild strawberries.
In general, the concentration of higher alcohols declined after 10 days of bottling storage, ranging from an undesirable concentration of 808.34 mg/L to 312.88 mg/L, which has been well known for wine aroma modifications. [18] Such an improvement in the wine aroma profile may be attributed to esters produced by the esterification of alcohols and acids during wine storage. On the other hand, decreased concentrations of higher alcohols also alleviated the strong smell during wine storage. [18] Esters Considering their relatively low odor threshold and diversity, esters are positive contributors to wine flavor, especially in young wine. [27] Twenty-five esters were identified and quantified by GC-MS, and 18 were ethyl esters. The production of ethyl esters was first catalyzed enzymatically during fermentation and then by intracellular ethanolysis of acetyl-CoA in yeast metabolism. [28] As the fermentation continued, ethyl esters increased significantly until 10 days after bottling (94.43 mg/L) and occupied 86.0-98.2% of the total esters at all fermentation stages (4.17-94.43 mg/L, Table 3 ). Of these, ethyl acetate was the most abundant ester in wild strawberry wine, with a sweet, fruity aromatic profile at concentrations lower than 80 mg/L; [29] however, high levels of ethyl acetate (about 150 mg/L) can impart off-flavors, such as varnish or nail polish notes, which are caused by contamination with bacteria. Other aroma-active ethyl esters, including ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, ethyl octanoate, ethyl hexanoate, and ethyl cinnamate, which have been characterized as typical berry and pineapple smells, also increased the complexity of the wild strawberry wine. In contrast, the concentrations of the other esters at the end of fermentation (9.55 mg/L) decreased greatly after storage for 10 days (1.82 mg/L). Besides the major ester of phenethyl acetate, the other remaining esters were methyl 2-methylbutyrate, butyl formate, hexyl acetate, methyl 2-hydroxy-3-methyl lcharacteristic of apples, pears, oranges, and other tropical fruits. Unfortunately, most of the above-mentioned esters did not reach perception thresholds in our study, but have been observed in strawberries from different regions or in different cultivars. [3] The lactone γ-decalactone once was reported to be an intense and important strawberry aroma, but was lower than its organoleptic sensory threshold (0.088 mg/L) in the wild strawberries tested. [30, 31] As the OAVs of methyl 2-methylbutyrate, ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, ethyl hexanoate, ethyl octanoate, and ethyl cinnamate were above 1, they were identified as the varietal flavor for the wild strawberries and for the wines produced by yeast metabolism, which was partly confirmed by previous studies. [4, 6, 8, 9, 32, 33] Acids Organic acids are not only the predominant precursors of esters but also the major compounds that confer fruity, fatty, and rancid notes to wine. [34] Four acids, isobutyric acid, 2-hydroxy-2-methyl butanoic acid, 2-methylhexanoic acid, and octanoic acid, were identified in the present study. Nevertheless, only isobutyric acid and 2-methylhexanoic acid were quantified because 2-hydroxy-2-methylbutanoic acid and octanoic acid could only be detected without quantification or analyzed qualitatively, respectively, as they were only present in trace amounts at the midfermentation stage. Although the concentration of acids increased gradually until the fermentation process completed with a peak concentration of 13.67 mg/L in this study, isobutyric acid was the only odor-active compound that contributed a cream and cheese aroma (OAV > 1). In addition, 50% of the total acid concentration was depleted rapidly after 10 days of bottle aging to an appropriate concentration (8.059 mg/L) for a pleasant and fresh aroma. These changes are similar to those in higher alcohols, two of which were used for synthesizing the corresponding esters during wine storage to further ameliorate the pungent smell of the wine after fermentation. Aldehydes and ketones Aldehydes and ketones are additional types of main volatile compounds with fruity aromas that varied at different stages of the wine fermentation. According to our study, five ketones (mesityl oxide, diisobutyl ketone, acetoin, 6-methyl-5-hepten-2-one, and 4-methoxy-2,5-dimethyl-3(2H)-furanone (DMMF)) and four aldehydes (octanal, nonanal, benzaldehyde, and phenylacetaldehyde) were detected and analyzed. Among them, the majority has been observed in earlier studies with only four aroma-active volatiles in this study: octanal, DMMF, 6-methyl-5-hepten-2-one, and phenylacetaldehyde. [9, 31] DMMF is noteworthy as an impact compound in strawberries with a very low perception threshold (0.016 mg/L) and was first reported in wild strawberries by Pyssalo et al. [35] DMMF is generally considered to have a "cotton candy" or "caramel" descriptor, conveying sweetness to the aroma of the wild strawberry wine. [3] Interestingly, the concentration of DMMF was 10 times higher after 10 days of bottle storage than in wild strawberries before fermentation (0.020 mg/L). Such aglycones are dependent on the fruit development stage and are especially prominent in a free form during fruit ripening. [36] Unlike the aforementioned active aroma compounds that were at low concentrations in all stages, a large proportion of the carbonyl compounds were acetoin and benzaldehyde, but the typical cheese and butter aromas of acetoin were still imperceptible due to their quite high odor threshold (150 mg/L). Specifically, the concentrations of aldehydes and ketones did not have a consistent trend during the enological process. For example, the amount of acetoin increased first from 11.820 mg/L in the fruit slurry to 15.941 mg/L in the wine during the early fermentation and then declined; benzaldehyde had a similar trend to acetoin, although its peak concentration was on the eleventh day, followed by a decrease during bottle storage. This decrease in benzaldehyde might be caused by oxygen from the press and filter process that may have oxidized benzaldehyde to benzoic acid.
Volatile phenols
In the fruit and related wine samples, phenols were only present in minor quantities. Two different kinds of phenols, vinylphenols and ethylphenols, were affected by Brettanomyces/Dekkera yeasts in wine and were responsible for chemical, medicinal smells and animal, smoky odors at low levels, respectively. [37, 38] In total, five phenols were detected in this study, including 4-ethyl guaiacol, eugenol, 1,2-dimethoxybenzene, phenol, and isoeugenol, and barely contributed (0.36-0.92‰) to the overall content of volatile compounds without deterioration in wine organoleptic quality. When compared with the wild strawberries prior to fermentation, the amount of phenols after bottle-aging significantly increased although to relatively low concentrations (from 0.07 to 0.32 mg/L). Of these phenols, only eugenol exceeded the perception threshold (0.005 mg/L), [39] which contributes a dianthus and musk smell to the wild strawberry wine.
Terpenes
Isoprenoid monoterpenes, formed from the precursor mevalonate and acetyl-CoA from the plant, are associated with varietal aromas in fruits and in finished wines. [40] Nine terpenes, which have floral and fruity aromas, were detected in small amounts (0.041-0.175 mg/L) at different stages of fermentation, including linalool, limonene, citronellol, β-terpineol, geranylacetone, and β-damascenone. Of these, notwithstanding the relatively low concentrations of β-damascenone (0-0.01 mg/L) and other terpenes, their concentrations remained near their sensory thresholds of 0.05 μg/L, imparting honey and apple aromas to the overall bouquet. [41] During fermentation, the concentration of terpenes increased as the maceration progressed and declined after separation of the skin residue from wine liquid, ending at a concentration 62% higher than in wild strawberries. Nevertheless, the yeast did not predominantly produce terpenes, but synthesized sterol using terpenes as an intermediate. [42] Additionally, these compounds increased at the end of fermentation due to lagged releases of aglycones by the β-glucosidase from the yeast or hydrolysis by acids of the bound form in agreement with earlier studies. [9, 43] Another volatile compound, styrene, with a resin and flowery flavor, was also detected and quantified with significant differences among the samples at different fermentation stages. As the fermentation of wild strawberry wine progressed, the concentration of styrene increased first and then reached the highest concentration (0.71 mg/L) when the fermentation finished, while the concentration declined by 40.6% after 10 days of bottle storage.
Principal component analysis
To compare the relative differences in volatile aroma compounds of wild strawberries and their wine during fermentation, a PCA analysis was performed according to 21 selected volatiles with OAV above 1 ( Table 4) . As the data set shows, 76.3% of the total variance was explained by the first two principal components (PC1 and PC2), while 49.7% and 26.5% of the variance was accounted for by PC1 and PC2, respectively (Fig. 2) . The wild strawberry and its wines were separated using all the variances between the two. PC1 positively correlated with volatile compounds, phenethyl acetate, 6-methyl-5-hepten-2-ol, 1-octanol, ethyl hexanoate, and DMMF, but negatively correlated with some esters and alcohols, which were the main contributions of the wild strawberry group itself. This result showed that volatile components such as methyl 2-methylbutyrate, ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, (E)-3-hexen-1-ol, 1-octen-3-ol, and phenylacetaldehyde, were significantly different between the raw materials and their wines in agreement with the previous results. Nevertheless, ethyl 3-methylbutyrate and 1-heptanol are located on the negative part of PC2, which means they were both present in wild strawberries and finished wines stored for 10 days. PC2, which was formed by two groups of volatile compounds including ethyl hexanoate, ethyl acetate, ethyl cinnamate, ethyl octanoate, isopentanol, 2,3-butanediol, and β-damascenone on the positive axis, and 2-phenylethanol, octanal, DMMF, and eugenol on the negative axis, was strongly associated with the states of wine fermentation, in particular 10 days after bottling and the middle stage of fermentation, respectively. Although the finished wines were loaded in the same quadrants as wines after storage, their distinct characteristics were reflected by the volatile compounds, including phenethyl acetate, 1-octanol, DMMF, and 6-methyl-5-hepten-2-ol, according to their PC1 scores on the positive part of the axis. Similarly, the middle and late stages of fermentation showed the same volatiles that strongly related to a positive PC1, and further contributions by 2-phenylethanol, DMMF, and eugenol increased the score on the negative side of PC2 when compared with the remaining groups. Finally, the group of wines at the early stage was scattered in the third quadrant with low PC1 scores, indicating that it was less characterized by the PC1 volatiles, but the volatiles with negative PC2 scores may help differentiate this pattern. Hence, according to PCA analysis, the fermentation stages could be differentiated according to their corresponding key odor compounds.
Sensory analysis of wild strawberry wine
Sensory analysis differs from the OAV approach in two ways. First, volatiles perceived by the organoleptic descriptors are examined in the food and wine matrix. In addition, the components are not separated before sensory analysis when evaluating the predominant aromatic and structural character of the wine. For example, both volatile and nonvolatile components are assessed simultaneously in sensory analysis, whereas only volatiles are assessed by headspace techniques in OAV. During the process of sensory analysis, 19 aroma terms were used with MF more than 1, with the MF of these terms shown in Fig. 3 . The sensory profiles of the samples confirmed a marked difference between the fruit and wine. The wines at the end of fermentation showed significant differences from the wild strawberry fruit according to their fruity and floral notes, such as coconut and honeysuckle instead of aromas of orange, cherry, vanilla, and plum. On the contrary, five of the 19 sensory attributes (yoghurt, honey, strawberry, apple, and cream) were described by both samples; therefore these smells may be characteristic varietal flavors of wild strawberries. [6] In general, sensory analysis highlighted the characteristics of wild strawberry and its wines with different aroma descriptors. The data represents the average value.
Conclusion
In conclusion, among the flavor compounds of the wild strawberry, volatile compounds are considered important with OAV above 1, influencing the aroma of the studied wine greater than the other compounds. In this study, the concentrations of six volatiles (methyl 2-methylbutyrate, ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, (E)-3-hexen-1-ol, 1-octen-3-ol, and phenylacetaldehyde) were higher than their odor thresholds and helped differentiate wild strawberry and its wines, indicating that they may be the typical flavor substances of the wild strawberry. Compared to the fruit, wild strawberry wine had six more compounds (ethyl hexanoate, ethyl acetate, ethyl cinnamate, isopentanol, 2,3-butanediol, and β-damascenone) as characteristic aroma compounds. By taste evaluation, the wild strawberry wine was shown to be one feasible way to preserve wild strawberries and their sensory characteristics and to avoid spoiling in storage or transportation.
